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(57) Abstract 


Strips of field emitters (30) arranged in rows 
overlap grid electrodes (32. 32'. 32") when viewed 
in the viewing direction (36) to define pixel dots. 
Scanning electrical voltages are applied to the rows 
of field emitters (30) to perform scanning and data 
potentials are applied to the grid electrodes (32, 32*. 
32") to control the tightness of the display. Potentials 
applied to the grid electrodes (32. 32', 32") also focus 
the electrons from the field emitters (30). A metal mesh 
with grid electrodes (32. 32'. 32") fabricated thereon 
to form an integrated stnicture greatly simplifies the 
manufacture of the display. 
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COLD CATHODE FIELD EMITTER FLAT SCREEN DISPLAY 


BACKGROU ND OF THE INVENTTQia 

This invention relates in general to flat 
panel display structures and, in particular, to flat 
panel displays employing cold cathode field emitters. 

Flat panel displays have a growing number of 
applications that benefit from their thin profile and 
light weight. These include active and passive liquid 
crystal displays (AMLCD, LCD), AC and DC plasma displays 
(PDF), electroluminescent (EL) displays, field emission 
displays (FEDs) and flat matrix cathode ray tube (CRT) 
displays. AMLCDs, however, are expensive to make. 
Furthermore, because of low yield, it may be difficult 
to manufacture large screen AMLCDs. Thus, even though 
AMLCDs have dominated the notebook computer and high 
information graphics display market, its potential for 
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large screen fun video speed flat panel displays 
appears to be limited. -^spxays 

flat matrix CRTs and plasma discharge panel 
> (PDP,displays are disadvantageous becauL power 

c"thoTf°i '''' ''^^'^y^ -P^'y^n^ 

cathode fxlaments that extend across the length of the 

dxsplay have also been proposed, see, for example u S 

TsZl '''''''''' thermionic li'ssl; 

displays have been proven to be reliable in operation 
and can be manufactured in large volume at low cost it 
believed that these devices may still have weaknesses 
When used in large area flat panel display systems. 
Thus, thermxonic cathode filaments have to be mounted 
with springs on both ends and proper tension need to be 
set to reduce vibrations. Heat loss to the filament 
supports by contact results in cold terminal effects 
that degrades electron emission at both ends of the 
fxlament. The filaments have to be operated at an 
elevated temperature which may adversely affect phosphor 
effxcxency and lifetime. Filament array mounting may be 

Field emitters have been used in flat panel 
displays and vacuum microelectronics applications. Cold 
cathode and field emission based flat panel displays 
have several advantages over other types of flat panel 
displays. These include low power consumption, high 
brightness, improved viewing angle and reduced 
manufacturing complexity and costs, compared to AMLCDs 
for example. However, the perfection of large area 
panels using this technology in the conventional manner 
« problematic because of the need to fabricate high 
density identical sharp microtips. For this reason FED 
panels suffer from the same high costs and low yield 
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issues Similar to that encountered in the fabrication of 
AMLCDs. This is explained in more detail below. 

Each field emitter includes typically a base 
electrode and a gate electrode. The display is 
controlled typically by applying a scanning electrical 
potential to rows of base electrodes or gate electrodes 
and the data modulation electrical potential to columns 
of the remaining electrodes in an X-Y addressing scheme 
for controlling the brightness of the display at each 
pixel corresponding to one or more groups of microtips. 
Therefore, the brightness at each pixel would depend on 
the emission characteristics of the corresponding group 
or groups of field emitters. Since individual field 
emitters may have different current-voltage 
characteristics resulting from variations in the 
manufacturing process, such field emitters may have 
different electron emission characteristics, thereby 
causing differences in brightness. While the variation 
in brightness due to such factor may still be tolerable 
for small screen display, the extension of such 
conventional fed panels to large screen flat panels 
appears to be difficult. 

Furthermore, each microtip emits electrons 
within a large angle cone about the axis of the 
microtip, a small standoff distance must be maintained 
between the gate of the field emitter and the anode of 
the display, if a large standoff distance is maintained 
between the gate and the screen, electrons emitted from 
the microtip will spread laterally, resulting in 
significant cross talk and low resolution display. To 
avoid such problems, a small standoff distance is 
maintained between the anode on the one hand and the 
gate of the microtips on the other. This means that the 
potential difference between the anode and the field 
emitters must be small; otherwise, the high anode 
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vclt.,« «,„W overpower the gate of the field emitters 
and s^piy turn every pixel in the display to the o„ 
state indefinitely, .o that there is si^ly no display 
Of any i„,e. Por this reason, the device ^uTZ 
operated at low voltage, so that even tho«rhi'h 
effac^ncy phosphors are used, they do not operate 
efficiently at such low voltages. operate 

m addition, since the addressing is hv 
controlling the gate and hase electrodes 'of each 
individual ^crotip array, each row and colu»> of the 
display ,ust he controlled in an x-y addressing. For a 
dxsplay Of 640 rows hy 480 columns, there .ust be 640 
electrical connections for the 640 rows and 4B0 for the 
^lu^ns, so that it is cun*erso»s and costly to 

in view of the above disadvantages of 
conventional fed panels, alternatives have been 

20 5,347,201. m the system of U.S. Patent Ho. 5,347,201 
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field esatter arrays are used to replace cathode 
fxlaments in electron fluorescent displays. i„ tte 
proposed system, cold cathode field emitters are used as 

electron «srkii«-r^»4P, i-. , 


cuiAtteiTs are used as 

electron sources in the place of cathode filaments, and 
three sets of grid electrodes are used to control the 
sca^in, and data modulation of brightness of the 
display i„ such scheme, however, three sets of 
tedious *° """""ly' "Wo" -"ey be 

none of the above-described structures Is 

IZZ': " '"-fore, desirYMe 

provide an improved flat panel display l„ which the 
above-described difficulties are avoided or reduced. 
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SUMMARY OF THE INVENTION 

The first aspect of the invention is directed 
towards a cathodoluminescent visual display device 
having a plurality of pixel dots for displaying images 
5 when said device is viewed in a viewing direction. The 
device comprises a housing defining a chamber therein, 
said housing having a face plate and a back plate; an 
anode on or near said face plate and luminescent means 
that emit light in response to electrons, and that is on 
10 or adjacent to the anode. The device further comprises 
a plurality of rows of field emission cathode elements 
in the chamber between the face and back plates; a first 
spacer structure defining holes therein for passage of 
electrons and a first set of elongated grid electrodes 
15 between the anode and cathode, the electrodes 
overlapping the luminescent means and said rows at 
locations when viewed in the viewing direction, wherein 
the overlapping locations define pixel dots. The device 
further includes means for applying electrical 
20 potentials to the anode, cathode, the set of grid 
electrodes and the rows of field emission cathode 
elements, causing the cathode elements to emit 
electrons, and such electrons to travel to the 
luminescent means at desired pixel dots on or adjacent 
25 to the anode for displaying images of desired 
brightness. 

Another aspect of the invention is directed 
towards a method for making a display device having a 
spacer structure, comprising processing a layer of metal 

30 to form a metal mesh with holes therein of a 
predetermined pattern; applying an insulating coating 
onto the metal mesh; forming a grid electrode pattern on 
the insulating layer and inserting said spacer structure 
between an anode and at least one cathode to form said 

35 display device. 
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Yet another aspect of the invention is 
directed towards a method for displaying in^ges by means 
Of a cathodoluminescent visual display device The 
device comprises an anode; luminescent means that emit 
light xn response to electrons, and that is on or 
adjacent to the anode; a plurality of rows or field 
emxssion elements between the face and back plates; and 
a first set of elongated grid electrodes between the 
anode and cathode, the electrodes overlapping the 
luminescent means and said rows at locations when viewed 
a Viewing direction, wherein the overlapping 
locations define pixel dots. The method comprise! 
causing rows of the cathode elements to emit electrons 
sequentially, wherein each row at a time is caused to 
emit electrons and applying electrical potentials to the 
anode cathode and the set of grid electrodes, causing 
the electrons emitted by the cathode elements to travel 
to the luminescent means at desired pixel dots on or 
adjacent to the anode for displaying images of desired 
brightness. 

One more aspect of the invention is directed 
towards a display device comprising luminescent means 
and a plurality of electron sources for emitting 
electrons toward the luminescent means at selected 
locations for displaying images. Each electron source 
comprises a base electrode; a gate electrode 
electrically insulated from the base electrode- a 
plurality of microtip structures and a first set of 
resistors, each resistor in the first set electrically 
connected to a corresponding microtip structure. Each 
electron source further comprises a substantially 
constant current source connected between the base 
electrode and the microtip structures to supply a 
substantially constant total amount of current to said 
plurality of microtip structures. 
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Yet one more aspect of the invention is 
directed towards a display device comprising luminescent 
means and a plurality of electron sources for emitting 
electrons towards the luminescent means at selected 
locations for displaying images, each electron source 
comprising a base electrode; a gate electrode 
electrically insulated from the base electrode; a 
plurality of microtip structures and a first set of 
resistors, each resistor in the first set electrically 
connected to a corresponding structure. Each electron 
source further comprises a current limiting circuit 
connected to the resistors so that the resistors and 
circuit connect the base electrode to the microtip 
structures to limit total amount of current delivered by 
the base electrode to said plurality of microtip 
structures and means for supplying current to the base 
electrode to cause the microtips to emit electrons 
towards the luminescent means. 

BRIEF DESCRIPTTON QF THE DBAWTMfiR 

Figure 1 is a cross-sectional side view of a 
portion of a cold cathode flat panel display device from 
the top or bottom side to illustrate an embodiment of 
the invention. 

Figure 2 is a cross-sectional view of the 
portion of the device of Fig. 1 taken along the line 2-2 
in Fig. i from the left or right side of the device to 
illustrate the invention of Fig. 1. 

Figure 3 is a cross-sectional view of a 
portion of the device in Figs. 1 and 2 to illustrate 
electric field distribution and passage of electrons 
between the cold cathode field emitters and the anode 
when viewed from the top or bottom. 
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Figure 4 is a perspective view of a portion of 
the display device of Figs. 1-3 to illustrate the 
invention. ^ 

Figure 5 is a schematic cross-sectional view 
of a portion of a cold cathode flat panel display device 
employing two sets of grid electrodes to illustrate 
another embodiment of the invention. 

Figure 6A is a cross-sectional view of a cold 
cathode field emitter array corresponding to a single 
Pixel or pixel dot in the display of this invention to 
Illustrate the preferred embodiment of the invention 

Figure 6B is a circuit representation of the 
structure of Fig. 6A. 

Figure 6C is a circuit representation of an 
alternative embodiment to that in Fig. 6A to illustrate 
the invention. 

Figure 7A is a graphical illustration of 
current delivered over time by conventional cold cathode 
20 ^"'i^ers, as well as that delivered by those of 

this invention in comparison to illustrate the 
invention. ® 

Figure 7B are graphical illustrations of the 
I-V characteristics of field emitters. 

Figure 8A is a cross-sectional view of a 
portion Of a spacer, grid electrodes and cold cathode 
field emitter arrays to illustrate the invention. 

Figure 8B is a top view of the cold cathode 
field emitter arrays of Fig. SA and aligned with those 
Of Fig. 8A to illustrate the invention. 

Figure 9A is a cross-sectional view of 
portions Of a spacer, grid electrodes and cold cathode 
field emitter arrays containing a segmented thin film 
metal electrode array to illustrate the invention 

fli. n. . ^ """^ ^'"^ °' "^"^^ -eg^ented thin 

film metal electrode array of Fig. 9A not covered by 
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other portions of the arrays to illustrate the 
invention . 

Figures lOA and lOB are cross-sectional views 
of a portion of a display device employing a metal mesh- 
grid wire spacer structure where each of the grid wires 
in the structure may be placed in a position that is 
near the edge of a hole in the metal mesh or in a 
position aligned with the center of the hole where the 
two metal meshes of the two figures have different 
shaped edges at the holes to illustrate the invention. 

Figures IOC and lOD are cross-sectional views 
of portions of a display device employing a metal mesh- 
grid wire spacer structure with two or three grid wires 
in the structure corresponding to each hole and placed 
at the edge of and/or in position aligned with the 
center of the hole of the mesh to illustrate the 
invention. 

Figure 11 is a perspective view of one 
embodiment of the metal mesh-grid wire spacer structure 
that can be used in Figs. lOA-lOD to illustrate the 
invention . 

Figure 12 is a schematic cross-sectional view 
of a portion of the display device of Figs. lOA-lOD and 
11 to illustrate the operation of such device. 

Figure 13A is a top view of another embodiment 
of the metal mesh-grid wire spacer structure that can be 
used in Figs. lOA-lOD in place of the metal mesh-grid 
wire structure of Fig. 11 to illustrate the preferred 
embodiment of the invention. 

Figure 13B is a cross-sectional view along the 
line 13B-13B in Fig. 13A of the structure of Fig. 13a to 
illustrate the preferred embodiment of the invention. 

Fig. 14A is a top view of a grid wire 
structure that may be used in place of individual wires 
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in the embodiment of Figs. lOA-lOD, n and 12 to 
illustrate the invention. 

Fig. 14B-14E are exploded views of a portion 
of the wire structure of Fig. 14a. 

Por simplicity in description, identical parts 
xn the different figures are identified by the same 
numerals . 

PBTAJLBP PBgCRTPTTOW OF thr PPRppoor . D RMRnpT fff;^^^ 

Figs. 1 and 2 are cross-sectional views of a 
display device viewed respectively from the top or 
bottom and from the side and employing cold cathode 
field emitter arrays and three spacers with one spacer 
integrated with grid electrodes to illustrate the 
invention. Thus, as shown in Figs. 1 and 2, device 20 
includes a transparent face plate 22 and a back plate 24 
defining a chamber there between. The layer of 
electrically conductive material on the inside surface 
of the face plate serves as the anode 26 on top of which 
IS a layer of luminescent material such as phosphor 28 
on the inside surface of back plate 24 are arrays of 
cold cathode field emitters such as array 30 shown in 
Figs. 1 and 2 for emitting electrons. Grid electrodes 
32, 32', 32" control the amount of electrons that are 
passed from the field emitters in array 30 to phosphor 
28 and therefore control the on/off switching as well as 
brightness of light from phosphor 28. The image so 
displayed is observed by an observer 34 along viewing 
direction 36. As illustrated in Pig. i, the pattern of 
the three grid electrodes 32, 32' 32 •• is repeated from 
the left side to the right side of the display. 

As shown in Pigs. 1 and 2, the arrays such as 
array 30 run from left to right and form rows of the 
display whereas the grid electrodes 32, 32', 32" run 
from top to bottom, preferably perpendicular to array 
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30, and form columns of the display. Thus, cross- 
sections of five grid electrodes 32, 32 \ 32'* are shown 
in Fig. 1, where Pig. 2 is a cross-sectional view of the 
portion of device 20 shown in Pig. 1 taken along the 
5 line 2-2 in Pig. 1. Thus, grid electrode 32 and row 30 
overlaps a pixel dot G of the phosphor layer 28 for 
emitting green light when impacted by electrons when 
viewed by an observer 34 along direction 36. Similarly, 
grid electrode 32 ' overlaps row 30 at pixel dot R of 
10 layer 28 for emitting red light when impinged by 
electrons when viewed along direction 36. Grid 
electrode 32 overlaps row 30 at pixel dot B of layer 
28 for emitting blue light when impacted by electrons 
and viewed by the viewer 34 along viewing direction 36. 
15 In the preferred embodiment, scanning may be controlled 
by applying the appropriate electrical potentials to row 
30 and similar rows that are not shown in Figs. 1 and 2 
and to grid electrodes 32, 32', 32" and other similar 
grid electrodes for controlling the brightness of the 
20 display. 

The above described structure of the display 
greatly simplifies the method of X-Y addressing and the 
control circuit compared to those in conventional cold 
cathode field emission displays. In conventional cold 

25 cathode field emission displays, electrical potentials 
need to be applied to both the base and gate electrodes 
in order to accomplish x-Y addressing as well as 
brightness control. in contrast, row 30 of field 
emitters in Pigs. 1 and 2 need to be controlled only to 

JO turn on or turn off the microtips in the field emitters 
to either cause them to emit electrons or to cause them 
to stop emitting electrons; no brightness control is 
required in applying electrical potentials to row 30 or 
other rows in of field emitters in the display. 
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Device 20 is also advantageous over electro- 
fluorescent displays in that cathode filaments are now 
replaced by cold cathode field emitters so that all of 
the problems inherent in the use of cathode filaments 
are avoided. 

Device 20 is further advantageous over 
conventional field emitter displays in that the field 
emitters in row 30 can be spaced much further apart from 
the anode 26 and phosphor layer 28 compared to 
conventional field emitter displays. Even though the 
electrons are emitted by the field emitters in a large 
cone angle and therefore may spread laterally if not 
otherwise redirected, the path of electrons can be 
Shaped and controlled by potentials on the grid 
electrodes 32, 32", 32 ■ • so that the electrons are 
focused and directed towards the desired pixel dot or 
dots that are being addressed. For this reason, the 
spacing between the face and back plates can be made to 
be more than 0.5 mm; preferably the spacing is at least 
1.5 mm. With such spacing, a high potential difference 
may be applied between the cold cathodes in row 30 and 
the anode 26, such as that of the order of several 
kilovolts and the phosphor layer 28 may be the high 
efficiency, high voltage type which greatly enhances the 
performance of the display. The above-described 
electron path shaping and focusing effect is illustrated 
in Pig. 3. 

AS shown in Fig. 3, even though the electrons 
emitted by a microtip would normally spread out within 
a large cone angle, this does not happen because such 
electrons are shaped by the electric field distribution 
due to the electrical potentials applied to grid 
electrodes 62, 64, 66 and 68. As a result, electrons 
originally emitted from the microtip within the large 
cone angle are focused and directed towards a pixel dot 


wo 97/15912 PCT/US96/17190 


10 


15 


13 

72 as Shown in Fig. 3. The grid potential lines 74 
caused by the potentials applied to the grid electrodes 
are illustrated in Fig. 3. 

A spacer 40 is placed between the face and 
back plates, where the space plate 40 contains holes 42 
therein to permit passage of electrons. Spacer 40 also 
assists in aligning the paths of electrons from the 
field emitters with the desired pixel dot. Thus, as 
shown in Fig. 1, separating walls 44 in the spacer 
structure 40 divide larger hole 42 into three smaller 
holes 46, 47, 48, where at least one portion (the 
portion on the side towards the anode in Figs. 1, 2) of 
the surface of hole 4 6 is coated by grid electrode 32', 
at least one portion of the surface of hole 47 is coated 
by grid electrode 32 and at least one portion of the 
surface of hole 48 is coated by grid electrode 32 ' • . 
When viewed by the observer 34 in the viewing direction 
36, hole 46 overlaps the pixel dot R, hole 47 overlaps 
pixel dot G and hole 48 overlaps pixel dot B. Thus, by 
means of the alignment between the holes 46, 47, 48 with 
pixel dots R, G, B respectively, it would be easier to 
apply the appropriate electrical potentials to the 
corresponding grid electrodes 32', 32, 32" in order to 
focus electrons from array 30 towards the appropriate 
pixel dot, instead of to a neighboring unselected pixel 
dot (which is crosstalk), 

A set of spacers 37 is placed between spacer 
40 and the back plate 24, and a set of spacers 39 is 
placed between spacer 40 and the front plate 22 as shown 
30 in Figs. 1 and 2 to support the face and back plates 
against atmospheric pressure. Spacer 40 may comprise a 
metal core coated with an insulating layer. The grid 
electrodes may then be formed by depositing a layer of 
metal on the insulating layer; some of the metal 
35 preferably is formed on the surface of the holes in the 
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spacer as well as on a planar surface of the spacer 
facing either the anode or cathode elements. 

The features above enable a relaxation of the 
requirement that the field emitters for addressing a 
particular pixel dot be accurately aligned with such 
pixel dot as is required in many conventional field 
emitter displays. In other words, a spatial structure 
40 with holes aligned with the appropriate pixel dots 
together with the grid electrodes at the hole surfaces 
and the potentials applied thereto render device 20 
robust against misalignment between the field emitters 
and the corresponding pixel dot. Such structure enables 
device 20 to be manufacturable in volume and at low 
cost. 

Fig. 4 is a perspective view of device 20 
showing three rows of cold cathode field emitter arrays 
30(l)-30(3), a portion of a fourth row 30(4), and twelve 

grid electrodes 32(1), 32(2) 32(12). Portions of 

the cold cathode field emitters, the grid electrodes, 
spacer 40 and face plate 22 have been removed and spacer 
37 is also removed to show more clearly the interior of 
the device 20'. As shown in Figs. 1 and 4, a group of 
pixel dots R, G, B form a pixel, so that the portion of 
the display device 20' contains sixteen pixels in a 
four-by-four configuration along the X and y directions. 
Obviously, each pixel may include a different number of 
pixel dots, such as four dots comprising two green dots, 
a red and a blue dot; such and other variations are 
within the scope of the invention, m one embodiment, 
spacer 40 may have a thickness of at least about 0.05 
mm. 

The scanning of each of the cold cathode field 
emitters may be performed by applying the appropriate 
voltages to either the base electrode or the gate 
electrode, while keeping the electrical potential of the 
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remaining electrode constant. For example, a constant 
voltage in the range of 0 to -1,000 volts may be applied 
to the base electrodes of all of the cold cathode field 
emitters, while scanning is accomplished by applying a 
5 voltage in the range of one volt to 200 volts to the 
gates of the field emitters in the selected row being 
scanned at the moment. The voltage applied to the grid 
electrodes such as 32, 32', 32*', 62-68 may be in the 
range of -200 volts to +200 volts while the anode is at 
10 a constant voltage of at least one kilovolt and 
preferably one kilovolt to three kilovolts where the 
phosphor has no aluminum coating, and at four kilovolts 
to six kilovolts or higher where the phosphor has an 
aluminum coating. 
15 Alternatively, addressing of the display 20, 

20* may be accomplished by applying the appropriate 
voltages to the grid electrodes such as 32, 32*, 32'*, 
62-68 for scanning and to rows of cathode field emitters 
for controlling the switching on and off and the 
20 brightness of the display. Such and other variations 
are within the scope of the invention. Where the 
electrical potentials applied to the cold cathode field 
emitters are only for turning on and off the field 
emitters without modulating the brightness of the 
25 pixels, in contrast to conventional cold cathode field 
emitter displays, the integrated circuit drivers used in 
device 20, 20* can be much simpler than those required 
in conventional cold cathode field emitter displays. 

Fig. 5 is a cross-sectional view of a portion 
30 of the display device 100 substantially similar to 
device 20, except that an extra set of electrodes 102 is 
employed, where electrodes 102 are substantially 
parallel to the rows of cold cathode field emitters. 
The electrical potentials applied to electrodes 102 are 
35 also used for scanning. By controlling the electrical 
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potentials both of the cold cathode field emitters and 
of electrodes 102, the circuit for scanning the rows of 
cold cathode field emitters can be greatly simplified 
In principle, a single strip of field emitter array can 
be used to emit electrons for illuminating multiple scan 
lines, such as up to 50 scan lines. once the field 
emitters in the array are turned on, then the multiple 
scan lines can be scanned by making use of grid 
electrodes 102. By applying the appropriate electrical 
potentials to the selected one of the grid electrodes 
102 overlapping such single strip field emitter array, 
only the pixel dots overlapping such selected grid 
electrode will be addressed. As shown in Fig. 5, by 
applying the appropriate grid electrical potentials to 
the set of grid electrodes 102, the electrons emitted by 
row 30 may be caused to be focused onto one of a number 
(e.g. four) of lines of pixels, so that electrons 
emitted by row 30 may be used to scan a number of rows 
of pixels instead of only one row. Again, electrical 
potentials applied to grid electrodes such as 32 are 
used for controlling the brightness of the display. 

In conventional cold cathode field emitter 
displays, one of the problems has been the non- 
uniformity of the display due to the fact that it is 
difficult to manufacture microtips having the same 
current-voltage (i-V) characteristics over a large area. 
Furthermore, after the display has been operated for a 
length of time, emitter defects increase and the 
brightness of the display declines to a certain point 
when the display has to be discarded. 

Another aspect of the invention is based on 
the recognition that, by designing the cold cathode 
field emitter in such a manner that the total amount of 
current delivered by the array to a particular pixel dot 
or pixel remains constant over time, the display will be 
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uniform in brightness at such dot or pixel. if this 
total current value can be achieved for substantially 
all of the pixels or pixel dots of the display, the 
display will be uniform in brightness. Such goals are 
accomplished by means of the cold cathode current field 
emitter structure of Fig. 6A. 

As in conventional field emitter structures, 
structure 120 includes a plurality of microtips where 
only three microtips 122 are shown for simplicity, in 
practice, each structure in a row may include thousands 
of microtips. The base of each microtip is connected to 
a base electrode 124 through a first resistive layer 
126, a segmented thin film metal layer 12 8 and a second 
resistive layer 130 as shown in Fig. 6A. Layers 126, 
130 have much higher resistivity compared to the metal 
layer 128. Therefore, the connection between each 
microtip 122 and base electrode 124 consists of the 
portions of the resistive layers 126, 130 and the 
portion of metal layer 128 in between the two resistive 
layers overlapping the microtip. Or the electrical 
circuit of the layers for the three microtips 122 can be 
represented schematically in Fig. 6B, where the 
resistance of the portion of the resistive layer 126 
between the base of microtip 122 and the metal layer 128 
is Rl and the resistance of the portion of the resistive 
layer 130 between the metal layer 128 and base electrode 
124 is R2. 

Thus, when power supply 132 supplies power to 
the base electrode 124, the resistance R2 of the 
resistive layer 130 limits the amount of current that is 
delivered by power supply 132 to the three microtips 122 
through the corresponding resistors Rl. Thus, resistors 
R2, Rl would guard against current surge and reduce 
damage to the microtips caused by such power surge. 
Furthermore, by limiting the total amount of current 
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that is delivered to all of the microtips 122 in a 
particular cold cathode field emitter array for 
addressing a row of pixels, and by including redundant 
microtips in each array, the lifetime of the array can 
be enhanced several times over conventional structures. 
Since the presence of resistor R2 limits the total 
amount of current that is delivered to the microtips in 
the array and redundant emitters are added, not all of 
the emitters in the row will emit electrons, so that 
initially, some of the microtips either do not emit 
electrons or emit electrons at a lower rate. Whether a 
particular microtip will emit electrons or not depends 
on its i-v characteristics. After some period of 
operation of the display, the microtips that have been 
operating at full capacity will have shorter lifetimes 
compared to those not emitting electrons or emitting 
electrons at a lower rate. Thus, such fully operating 
microtips will become defective first. However, when 
this happens, the Applicants found that the microtips 
that have not been, to this point in time, emitting 
electrons or only emitting electrons at a lower rate 
will, in such circumstances, take up the slack and begin 
to either emit electrons where they did not before or 
emit electrons at a higher rate than before, m this 
manner, the total amount of current delivered by power 
supply 132 through resistors R2, Rl to the microtips 122 
to be emitted as electrons, remain essentially constant, 
until such excess redundant microtips have also been 
used up. Thus, by using the cold cathode field emitter 
structure 120 of Pig. 6A together with the addition of 
redundant microtips to each array for addressing a row 
of pixels, the lifetime of the display can be increased 
several fold over conventional field emitter displays. 
This is illustrated in Fig. 7A. 
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As Shown in Fig. 7A, where, as in conventional 
structures, the current is delivered by a power supply 
to the microtips with only a single resistor layer such 
as layer 126, the current declines over time along the 
5 dotted line in Fig. 7A. Where a second resistor such as 
R2 is also employed together with redundant microtips, 
the current remains constant for a much longer time in 
comparison with the conventional structure. Such 
substantially constant current is indicated by the solid 
10 line in Fig. 7A. Fig. 7B is a graphical illustration of 
the different types of Ion - v,.te or simply i-v 
characteristics of field emitters. If only a single 
resistor such as Rl is employed, the i - v 
characteristics are shown in dotted lines and labelled 
15 "single R"; hence, in such event, depending on the 
voltage applied, some microtips may turn on while others 
may not turn on at all. By employing an additional 
resistor R2 connected in series between the base 
electrode and a set of electrodes Rl, the current 
20 delivered is limited to a value which is achievable over 
a wider range of voltages. In this manner, the 
additional resistor improves the performance of the 
field emitters. Instead of employing a simple resistive 
layer 130, essentially the same effect can be achieved 
25 by replacing the resistor by a substantially constant 
current source 150 as shown in Fig. 6C. The constant 
current source may, for example, be the drain/source 
path of a transistor (e.g. MOSFET) whose gate is 
controlled by a circuit (not shown in Fig. 6C). The 
30 advantage of using a transistor in such manner is that 
the total amount of current delivered by a power supply 
132 to the base electrode and delivered to the microtips 
through resistors Rl can be adjusted by means of the 
control circuit for achieving a more uniform brightness 
35 across different pixels of the display. Such and other 
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current sources may also be used and are within the 
scope of the invention. 

Fig. 8A is a cross-sectional view of a portion 
of a spacer, grid electrodes 62, 64 and cold cathode 
field emitter structure similar to that in Fig. 6A to 
illustrate the invention. As shown in Fig. SA the 
segmented thin film metal layer 128' is misaligned 
relative to the hole 32' • • . such misalignment is shown 
more clearly in Fig. 8B which is a top view of the field 
emitter array taken along the line 8B-8B in Fig. 8A. 

As shown in Fig, 8B, only the portion marked 
as active area is effective in emitting electrons for 
addressing the pixel dot overlapping hole 32 " ' in Pig 
8A. This is due to the fact that the electrical field 
at the active area is higher than that outside such 
area, as can be seen from the eqipotential lines 74 
caused by potentials of the anode and of the electrodes 
62-68 in Fig. 3. Thus, in contrast to conventional 
field emitter displays, even though the metal layer 128' 
has been misaligned relative to the pixel or pixel dot 
of the anode, such misalignment does not significantly 
affect the quality of the display. 

Thus, the field emitters in the active area 
may have a shorter lifetime compared to those in the 
outlying areas not within the active area as marked in 
Fig. 8B. These extra emitters will take up the slack 
when the field emitters in the active area have reached 
their lifetime and begin to fail. This is illustrated 
more clearly in reference to Figs. 9 A, 9B. 

Fig. 9A is a cross-sectional view of a portion 
Of the display device similar to that in Fig. 8A, except 
that instead of the one large segmented thin film metal 
128- in Fig. 8A, a number of narrower strips of 
segmented thin film metal layers 128" are used. Pig 
9B is a view of such thin film metal array taken along 
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the line 9B-9B in Fig. 9A. Therefore, for reasons 
explained above, initially field emitters on top of 
strips 162, 164, 166 are active in emitting electrons. 
But as the field emitters over such three strips have 
reached their lifetime and begin to become defective, 
those on top of strips 168, 170 will become active and 
take up the slack. The configuration of Figs. 9a, 9b 
may be advantageous since there is no need for aligning 
the segmented thin film metal strips with the hole 32 ' * ' 
in comparison to the configuration in Figs. 8A, SB. 

Fig. lOA is a cross-sectional view of a 
portion of the display device 200 which is similar in 
principle to device 20, 20', except that a different 
mesh-grid wire spacer structure 210 is employed in place 
of spacer 40 and grid electrodes 32, 32', 32*' etc. As 
shown in Fig. lOA, the metal mesh-grid wire spacer 
structure 210 includes a metal mesh 212 and connected 
thereto a number of grid wires 214, Grid wire 214 has 
essentially the same function as that of the grid 
electrodes in Figs. 1-3, that is, controlling the amount 
of electrons that will pass through hole 216. 
Electrical potentials are also applied to metal mesh 216 
for focusing electrons to the desired pixel dot or 
pixel. Device 200 is advantageous since the metal mesh- 
grid wire spacer structure 210 is particularly adapted 
for low cost manufacturing, whereas the spacer 40 and 
grid electrodes thereon in Figs. 1-3 require a number of 
steps of processing. 

Fig. lOB is a cross-sectional view of a 
portion of a display device 230 substantially similar to 
device 200 of Fig. lOA, except for a slightly different 
shape of the edge of the metal mesh compared to that in 
Fig, lOA at the hole 216 and the location of the grid 
wire 214. in Fig. lOA, the grid wire 214 is placed near 
the edge of hole 216 and away from the position aligned 
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With the center of the hole, m Pig. lOB, however, the 
grid wire 214 is placed in the position aligned with the 
center of the hole 216. Having a grid wire 214 off to 
the side near the edge of the metal mesh at hole 216 may 
be advantageous over the configuration in Fig. iqb where 
the grid wire is aligned with the center of the hole 
216, since such position of the wire in Fig. lOB may 
block the passage of electrons through the hole. 

Figs. IOC, lOD are further embodiments 
substantially similar to device 200, but where two or 
more grid wires are used instead of only one in Figs. 
lOA, lOB. Thus, in Fig. IOC two grid wires are used* 
one on each side, both located near the edge of the hole 
216. In Pig. lOD in addition to such two grid wires as 
in Fig. IOC, an additional grid wire located and aligned 
with the center of the hole 216 is also used. 

Fig. 11 is a perspective view of metal mesh 
210- of Fig. lOB, illustrating how the grid wires and 
the metal mesh can be connected together, as shown in 
Fig. 11, two insulating bars 252 are first attached or 
deposited onto metal mesh 212. Grid wires 214 are then 
placed over such bars. A second pair of insulating bars 
254 are then placed on top of the wires to clamp the 
wires in place. Before the bars 254 are securely 
attached to bars 252, wires 214 are placed in desired 
tension. Each set of bars 252, 254 may be used to clamp 
the grid wires for controlling 4, 8 or more adjacent 
pixel dots. The sum of thicknesses of the metal mesh 
212 and grid wires may be greater than about 0.05 mm. 

Fig. 12 is a cross-sectional side view of a 
portion of a display device 300 from the top or bottom 
edge similar to devices 200 and 200' to illustrate the 
operation of the device. The cathode field emitter 
elements in each row or array are arranged in clusters, 
in the manner shown in Fig. 4, each cluster overlapping 
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a pixel dot R, G, or B when viewed in the viewing 
direction. As before, appropriate electrical potentials 
are applied to either the base electrode or the gates of 
all three of the cold cathode field emitters in the 
array 30' in order to control the turning on and off of 
the emitters in the arrays in order to scan the lines of 
pixels of the display. As illustrated in Fig. 12, the 
cold cathode field emitters are turned on so that 
electrons are emitted thereby. However, appropriate 
electrical potentials are applied to grid wire 214(1) to 
turn off the display of pixel dot G and to grid wires 
214(2), 214(3) to turn on the display at pixel dots R, 
B and in order to modulate the brightness of the colors 
at dots R, B respectively. 

Fig. 13A is a top view of a portion of a metal 
mesh-grid wire structure 350 that can used in a display 
device to illustrate the preferred embodiment of the 
invention. Fig. 13B is a cross-sectional view of the 
structure 350 taken along the line 13B-13B in Fig. 13A. 
In reference to Fig. 11, a number of steps are required 
to mount the wires 214 to the metal mesh 212. Even 
though the steps for mounting a wire structure such as 
400 in Fig. 14A is somewhat simpler, such steps are 
still cumbersome* 

The process can be further simplified by 
forming the structure 350 instead by simply forming a 
layer of insulating material 352 on the planar surface 
on one side of the metal mesh and form one or more 
layers of an electrically conductive material 354 that 
will serve the same function as that of the grid wires 
of Fig. 12 described above. Layers 352 may be formed by 
screen printing a layer of dielectric material onto the 
metal mesh, using the mesh as a mask and differentially 
removing portions of the dielectric layer not masked by 
the mesh, such as by sandblasting. Layers 354 may be 
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formed by laminating or screen printing a layer of 
photosensitive electrically conductive material onto 
said coating; and using the mesh as a mask and 
lithographically removing unmasked portions of the 
photosensitive electrically conductive layer. Layers 
352 may also be formed by laminating or screen printing 
an insulating layer pn the metal mesh 212, and unwanted 
portions of such layer removed by masking and 
photolithography, since the mask used in such process 
can have a pattern different from that of the metal 
mesh, the resulting insulating layer can also be 
different in shape from the metal mesh. 

Structure 350 is advantageous since it is 
particularly easy to manufacture. Thus, holes such as 
holes 216 of a predetermined pattern are first formed by 
masking a layer of metal by a mask with a desired 
pattern and then removing the unmasked portions of the 
layer using techniques including photochemical 
micromachining, laser ablation, molding and 
electroforming to form the metal mesh 212. Then, an 
insulating coating is formed on the metal mesh, a grid 
electrode pattern 354 is then formed on the insulating 
layer. The metal mesh-grid wire structure 350 is then 
complete and it is then inserted between an anode and at 
25 least one cathode to form a display device. such 
structure can also be used in display devices other than 
those described above, such as ones that employ filament 
cathodes and not field emitters. Such and other 
variations are within the scope of the invention. The 
metal mesh-grid wire type structures shown in Figs. lOA 
through Fig. 13B are advantageous over the spacer grid 
electrode combination in Figs. 1 and 2 since, unlike the 
spacer grid electrode combination of Figs. 1 and 2, 
there is no need to coat the inside surfaces of holes 
with insulating layers and electrically conductive 
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layers. The spacers are, therefore, much easier to 
manufacture and can be made arbitrarily thin, so that 
they can also be used in many types of display devices. 

Fig, 14A is a top view of a grid wire 
5 structure that may be used in place of individual wires 
in the embodiment of Figs. lOA-lOD, 11 and 12 to 
illustrate a more advantageous way for making and 
mounting the wires onto the metal mesh 112 of these 
figures* As shown in Fig. 14A, a wire structure 400 may 
10 be fabricated in a manner similar to a metal lead frame 
in semiconductor packaging technology. Thus, the 
structure 400 may be in the form of a sheet of metal 
with the unwanted portions removed by stamping or 
etching. Structure 400 includes a rim 402 and 
15 individual wires 404 connected to the rim by connecting 
leads 406. Instead of having to align each wire 
individually with respect to a hole 216 in the mesh 212 
as in the embodiment of Figs. lOA-lOD, 11 and 12, the 
wires 404 of the structure 400 may be aligned in one 
20 setting with a number of holes 216 for a number of pixel 
dots to speed up the alignment process. Holes 410 in 
the rim 402 are provided so that wires 404 may be placed 
at the desired tension by inserting pins (not shown) 
into the holes 410 and then pulling the pins apart. 
25 After the wires have been aligned and have the desired 
tension, they may be clamped between bars 252, 254 in 
the manner described above. The connecting leads 406 
may then be severed so that adjacent leads are not 
electrically connected together. It should be noted 
30 that Fig. 14A is not drawn to scale so that the spacing 
between adjacent leads 404 is actually greater or 
preferably much greater than the cross-sectional 
dimensions of the wires 404 themselves. 

It is preferable for each individual wire 404 
35 to have a mesh structure instead of being a solid piece 
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Of metal. Four different exploded views are shown in 
Pigs. 14B-14E which are exploded views of the portion of 
the wire within the circle 14B-14E in Pig. 14a to 
illustrate four different types of wires. As shown in 
Pig. 14B, wire 404(1) comprises a structure having two 
solid ribs or rims 420(1) on each side with a mesh-type 
structure connecting the two ribs or rims where the mesh 
contains honeycomb shaped holes therein. The wire 
404(2) in Fig. 14C also has two ribs or rims 420(2) and 
a mesh structure therebetween having spherical or 
circular holes therein. Wire 404(3) in Fig. 14D has two 
ribs or rims 420(3) and a mesh structure therebetween 
having square or cubical shaped holes therein. The wire 
404(4) in Fig. 14E also has two ribs or rims 420(4) 
connected together by thin wires 422. 

While the invention has been described by 
reference to different embodiments, it will be 
understood that various changes and modifications may be 
made without departing from the scope of the invention 
which is to be defined only by the appended claims and 
their equivalent. 
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WHAT IS CI^ATftgP ;^S: 

1. A cathodoluminescent visual display 
device having a plurality of pixel dots for displaying 
images when said device is viewed in a viewing 
5 direction, comprising: 

a housing defining a chetmber therein, said 
housing having a face plate, and a back plate; 

an anode on or near said face plate; 

luminescent means that emits light in response 
10 to electrons, and that is on or adjacent to the anode; 

a plurality of rows of field emission cathode 
elements in the chamber between the face and back 
plates; 

a first spacer structure defining holes 
15 therein for passage of electrons; 

a first set of elongated grid electrodes 
between the anode and cathode, the electrodes 
overlapping the luminescent means and said rows at 
locations when viewed in the viewing direction, wherein 
20 the overlapping locations define pixel dots; and 

means for applying electrical potentials to 
the anode, cathode, the set of grid electrodes and the 
rows of field emission cathode elements, causing the 
cathode elements to emit electrons and such electrons to 
25 travel to the luminescent means at desired pixel dots on 
or adjacent to the anode for displaying images of 
desired brightness. 

2. The device of claim 1, wherein the set of 
grid electrodes comprises layers of an electrically 
30 conductive material on the hole surfaces of the first 
spacer structure. 
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3. The device of claim 1^ wherein the sum of 
thicknesses of the spacer structure and the grid 
electrodes is greater than about 0,05 mm thick. 

4. The device of claim 1, wherein the hole 
surfaces of the first spacer structure are electrically 
conductive. 

5. The device of claim 4, wherein the first 
spacer structure is electrically conductive. 

6. The device of claim 5, further comprising 
a first insulating layer on the first spacer structure, 
wherein the set of grid electrodes comprises wires or a 
wire structure of an electrically conductive material on 
the first insulating layer. 

7. The device of claim 6, further comprising 
a second insulating layer on the wires, said first and 
second insulating layers forming insulating bars 
clamping said wires so that the wires are at 
predetermined tensions . 

8. The device of claim 5, wherein the set of 
grid electrodes comprises an electrically conductive 
layer on said first insulating layer. 

9. The device of claim 1, wherein the first 
spacer structure is electrically insulative, said device 
further comprising an insulating layer on the first 
spacer structure, wherein the set of grid electrodes 
comprises layers of an electrically conductive material 
on the insulating layer. 
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10, The device of claim 9, wherein the set of 
grid electrodes comprises layers of an electrically 
conductive material on the hole surfaces of the first 
spacer structure. 

5 11. The device of claim 10, said insulating 

layer and said electrically conductive material layer 
are on at least a portion of a surface of the first 
spacer structure facing the anode or the cathode 
elements . 

10 12. The device of claim 1, said applying 

means applying electrical potentials so that one of the 
rows of field emission cathode elements and the set of 
grid electrodes serves as scanning electrodes and the 
other of the rows of field emission cathode elements and 

15 the set of grid electrodes serves as data electrodes. 

13. The device of claim 12, wherein said 
applying means applies electrical potentials to the rows 
of field emission cathode elements to scan the rows so 
that, when each of the rows is scanned to emit 

20 electrons, the electrical potentials applied to the grid 
electrodes corresponding to the pixel dots of such row 
controls the switching on or off and to modulate the 
brightness of such pixel dots. 

14. The device of claim 1, wherein each of at 
25 least some of the holes of said first spacer structure 

overlap a corresponding pixel dot. 

15. The device of claim 1, said luminescent 
means comprising areas emitting light of different 
colors, each of at least some of said pixel dots 

30 overlapping one of such areas when viewed in the viewing 
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direction, wherein said first spacer structure comprises 
walls dividing each of said at least some of the holes 
of said first spacer structure into smaller holes each 
of which overlapping a corresponding pixel dot when 
viewed in the viewing direction. 

16. The device of claim 15, the pixel dots 
having a corresponding row of field emission cathode 
elements . 

17. The device of claim 16, wherein said grid 
electrodes comprises at least one grid electrode in the 
vicinity of each corresponding smaller hole in the first 
spacer structure between the first spacer structure and 
the field emission cathode elements, and wherein said 
applying means applies electrical potentials to each of 
said at least one grid electrode to control the amount 
of electrons that pass through each corresponding 
smaller hole to control the switching on or off and to 
modulate the brightness of the pixel dot corresponding 
to such smaller hole, such pixel dot also defining the 
corresponding pixel dot of the grid electrode 
corresponding to such smaller hole. 

18. The device of claim 17, wherein for each 
of at least some of the pixel dots, the corresponding 
grid electrode is between the smaller hole corresponding 
to such pixel dot and the row of field emission cathode 
elements corresponding to such pixel dot. 

19. The device of claim 18, wherein for each 
of at least some of the pixel dots, the corresponding 
grid electrode is located between substantially the 
center of the smaller hole corresponding to such pixel 
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dot and the row of field emission cathode elements 
corresponding to such pixel dot. 

20. The device of claim 18, wherein for each 
of at least some of the pixel dots, the corresponding 
grid electrode is located on one side of the center of 
the smaller hole corresponding to such pixel dot. 

21. The device of claim 17, wherein said grid 
electrodes comprise at least two grid electrodes in the 
vicinity of each corresponding smaller hole in the first 
spacer structure between the first spacer structure and 
the field emission cathode elements. 

22. The device of claim 17, wherein the first 
spacer structure is electrically conductive, said device 
further comprising a first insulating layer on the first 
spacer structure, wherein the set of grid electrodes 
comprises wires of an electrically conductive material 
on the first insulating layer. 

23. The device of claim 22, further 
comprising a second insulating layer on the wires, said 
first and second insulating layers forming insulating 
bars clamping said wires so that the wires are at 
predetermined tensions. 

24. The device of claim 22, wherein said 
applying means applies electrical potentials to the rows 
of field emission cathode elements to scan the rows so 
that, when each of the rows is scanned to emit 
electrons, the electrical potentials applied to the grid 
wire electrodes corresponding to the pixel dots of such 
row controls the switching on or off and to modulate the 
brightness of such pixel dots. 
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25. The device of claim 24, said applying 
means also applying electrical potentials to said spacer 
structure to focus electrons passing through the holes. 

2€. The device of claim 25, the electrical 
potentials applied to the grid wire electrodes and the 
spacer structure being in the range of about +200 to 
-200 volts. 

27. The device of claim 1, wherein each of 
said field emission elements comprises at least one gate 
electrode and at least one base electrode, said base 
electrode including microtips. 

28. The device of claim 1, further comprising 
a second spacer between the first spacer and the face 
plate and a third spacer between the first spacer and 
the back plate to withstand atmospheric pressure. 

29. The device of claim 28, wherein said 
second or third spacer comprises a plurality of rib 
segments, each rib segment co-extensive with a 
predetermined number of pixel dots. 

device of claim l, wherein hole 
surfaces of the first spacer structure are electrically 
conductive, said applying means also applying electrical 
potentials to said spacer structure hole surfaces to 
focus electrons passing through the holes. 


15 
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31. The device of claim 30, wherein each of 
at least some of the holes of said first spacer 
structure overlap a pixel dot, said applying means also 
applying electrical potentials to said spacer structure 
hole surfaces to focus electrons passing through the 
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holes to predetermined pixel dots to scan and modulate 
the brightness at such dots. 

32. The device of claim 1, each of said field 
emission cathode elements comprising: 
a base electrode; 

a gate electrode electrically insulated from 
the base electrode; 

a plurality of microtip structures; 

a first set of resistors, each resistor in the 
first set electrically connected to a corresponding 
structure; 

a current limiting circuit connected to the 
resistors so that the resistors and the circuit connect 
the base electrode to the microtip structures to limit 
total amount of current delivered by the base electrode 
to said plurality of microtip structures; and 

means for supplying current to the base 
electrode to cause the microtips to emit electrons 
towards the luminescent means. 

33. The device of claim 32, said current 
limiting circuit being a second resistor connecting the 
first set of resistors to the base electrode . 

34. The device of claim 33, said resistors of 
the first set comprising one or more first layers of 
resistive material connected to the microtip structures, 
said second resistor comprising a second layer of 
resistive material between the first layers and the base 
electrode, said source further comprising an 
electrically conductive layer between the first and 
second layers of resistive material. 
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35. The device of claim 1, wherein the face 
plate and back plate are spaced more than 0.5 mm apart. 

36. A method for making fabricating a display 
device having a spacer structure, comprising: 

processing a layer of metal to form a metal 
mesh with holes therein of a predetermined patterns- 
applying an insulating coating onto the metal 

mesh; 

forming a grid electrode pattern on the 
insulating layer; 

inserting said spacer structure between an 
anode and at least one cathode to form said display 
device . 

37. The method of claim 36, said forming step 
including positioning wires or at least one wire 
structure onto the insulating coating. 


38. The method of claim 37, said forming step 
including a photochemically micromachining, laser 
ablation, molding or electroforming process for making 
20 said at least one wire structure. 


39. The method of claim 36, said applying 
step applying the coating onto a planar surface of the 
mesh, wherein the forming step forms a layer of 
electrically conductive material on said insulating 
coating to form the pattern. 
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41. The method of claim 39, said forming step 

including: 

laminating or screen printing a layer of 
photosensitive electrically conductive material onto 
said coating; and 

using a mask and lithographically removing 
unmasked portions of the photosensitive electrically 
conductive layer. 


42. The method of claim 36, said processing 

step including: 

masking said layer of metal; and 

removing unmasked portions of the metal layer 

by means of a photochemically micromachining, laser 

ablation, molding or electrof orming process for making 

said metal mesh. 


43. A display device, comprising: 
luminescent means; and 

a plurality of electron sources for emitting 
electrons towards the luminescent means at selected 
locations for displaying images, each electron source 
comprising: 

a base electrode; 

a gate electrode electrically insulated from 
the base electrode; 

a plurality of microtip structures; 

a first set of resistors, each resistor in the 
first set electrically connected to a corresponding 
structure ; 

a current limiting circuit connected to the 
resistors so that the resistors and the circuit connect 
the base electrode to the microtip structures to limit 
total amount of current delivered by the base electrode 
to said plurality of microtip structures; and 
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means for supplying current to the base 
electrode to cause the microtips to emit electrons 
towards the luminescent means. 
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44. The source of claim 43, said current 
limiting circuit being a second resistor connecting the 
first set of resistors in series to the base electrode. 

45. The source of claim 44, said resistors of 
the first set comprising one or more first layers of 
resistive material connected to the microtip structures, 
said second resistor comprising a second layer of 
resistive material between the first layers and the base 
electrode, said source further comprising an 
electrically conductive layer between the first and 
second layers of resistive material. 


46. A display device, comprising: 
luminescent means; and 
a plurality of electron sources for emitting 
electrons towards the luminescent means at selected 
locations for displaying images, each electron source 
20 comprising : 

a base electrode; 

a gate electrode electrically insulated from 
the base electrode; 

a plurality of microtip structures; 
a first set of resistors, each resistor in the 
first set electrically connected to a corresponding 
structure; and 

a substantially constant current source 
"connected between the base electrode and the microtip 
structures to supply substantially constant total amount 
of current to said plurality of microtip structures. 
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47. A method for displaying images by means 
of a cathodoluminescent visual display device, said 
device comprising: 

an anode; 

luminescent means that emits light in response 
to electrons, and that is on or adjacent to the anode; 

a plurality of rows of field emission cathode 
elements between the face and back plates; 

a first set of elongated grid electrodes 
between the anode and cathode, the electrodes 
overlapping the luminescent means and said rows at 
locations when viewed in the viewing direction, wherein 
the overlapping locations define pixel dots; said method 
comprising: 

causing rows of the cathode elements to emit 
electrons sequentially, wherein each row at a time is 
caused to emit electrons; and 

applying electrical potentials to the anode, 
cathode, and the set of grid electrodes, causing the 
electrons emitted by the cathode elements to travel to 
the luminescent means at desired pixel dots on or 
adjacent to the anode for displaying images of desired 
brightness. 

48. The method of claim 47, said device 
further comprising a spacer structure defining holes 
therein for passage of electrons, wherein each of at 
least some of the holes of said spacer structure 
overlaps a corresponding pixel dot when viewed in a 
viewing direction, said luminescent means comprising 
areas emitting light of different colors, each of said 
pixel dots comprising pixel dots that overlap said areas 
of at least two different colors when viewed in the 
viewing direction, wherein said spacer structure 
comprises walls dividing each of said at least some of 
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the holes of said spacer structure into smaller holes 
each of which overlapping a corresponding pixel dot, the 
pixel dots of each pixel dot having a corresponding row 
of field emission cathode elements, wherein said grid 
electrodes comprises at least one grid electrode in the 
vicinity of each corresponding smaller hole in the 
spacer structure between the spacer structure and the 
field emission cathode elements; 

said applying step applying electrical 
potentials to each of said at least one grid electrodes 
to control the amount of electrons that pass through 
each corresponding smaller hole to control the switching 
on or off and to modulate the brightness of the pixel 
dot corresponding to such smaller hole, such pixel dot 
also defining the corresponding pixel dot of the grid 
electrodes corresponding to such smaller hole. 


49. The method of claim 48, wherein said 
applying step applies electrical potentials to the rows 
of field emission cathode elements to scan the rows so 
20 that, when each of the rows is scanned to emit 
electrons, the electrical potentials applied to the grid 
electrodes corresponding to the pixel dots of such row 
controls the switching and modulates the brightness of 
such pixel dots. 


50. The method of claim 47, each of said 
field emission cathode elements including: 
a base electrode; and 

a gate electrode electrically insulated from 
the base electrode; wherein said applying step applying 
electrical potentials to the base or the gate electrode 
of said elements to cause the rows of elements to emit 
electrons sequentially. 
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